INTRODUCTION
Environmental conditions that exceed the upper critical temperature of thermal comfort zones negatively impact livestock performance. It is estimated that heat stress costs the livestock industry approximately $2 billion per year in the United States (St-Pierre et al., 2003) , and the U.S. swine industry has been estimated to lose nearly $1 billion annually ABSTRACT: Objectives were to investigate the effects of prolonged gestational and/or postnatal heat stress on performance and carcass composition of market weight pigs. Pregnant gilts were exposed to gestational heat stress (GHS, 28°C to 34°C, diurnal) or thermal neutral (18°C to 22°C, diurnal) conditions during the entire gestation or during the first or second half of gestation. At 14 wk of age (58 ± 5 kg), barrows were housed in heat stress (32°C, HS) or thermal neutral (21°C, TN) conditions. Feed intake and BW were recorded weekly, and body temperature parameters were monitored twice weekly until slaughter (109 ± 5 kg). Organs were removed and weighed, and loin eye area (LEA) and back fat thickness (BF) were measured after carcass chilling. Carcass sides were separated into lean, separable fat, bone, and skin components and were weighed. Moisture, lipid, and protein content were determined in the LM at the 10th rib. Data were analyzed using a split plot with random effect of dam nested within gestational treatment. Carcass measurements included HCW as a covariate to control for weight. Planned orthogonal contrast statements were used to evaluate the overall effect of GHS in the first half, second half, or any part of gestation. Gestational heat stress did not alter postnatal performance or most body temperature parameters (P > 0.10). However, ADFI in the finishing period was increased (P < 0.05) in response to GHS, particularly in pigs receiving GHS in the first half of gestation. Gestational heat stress during the first half of gestation decreased head weight as a percent of BW (P = 0.02), whereas GHS in the second half of gestation decreased bone weight as a percent of BW (P = 0.02). Heat stress reduced ADG, BW, and HCW (P < 0.0001). Lean tissue was increased in HS pigs on both a weight and percentage basis (P < 0.0001), but LEA was similar to TN carcasses (P = 0.38). Carcasses from HS barrows also had less carcass separable fat (P < 0.01) and tended to have less BF (P = 0.06) compared with those from TN barrows, even after controlling for HCW. However, percent intramuscular fat did not differ between treatments (P = 0.48). The LM from HS carcasses had a greater moisture to protein ratio (P = 0.04). HS barrows also had decreased heart (P < 0.001) and kidney (P < 0.0001) as a percent of BW compared with TN pigs. In summary, GHS may affect head and bone development, subsequently affecting carcass composition. Chronic HS during finishing results in longer times to reach market weight and a leaner carcass once market weight is achieved. (Pollman, 2010) . Swine are particularly prone to experiencing production losses in response to heat stress, in part because of a substantial layer of subcutaneous adipose tissue and a lack of functional sweat glands (Moritz and Henriques, 1947; Ingram, 1965) .
Carcass composition of market weight pigs
Severe acute heat stress in utero can result in teratogenic consequences, including brain defects and limb abnormalities in several species (Graham et al., 1998) . Additionally, acute or chronic heat stress in utero may compromise future body composition, growth, and metabolism in lambs and mice (Shiota and Kayamura, 1989; Galan et al., 1999; Chen et al., 2010) . Postnatal heat stress markedly affects animal growth and metabolism . Pigs enduring heat stress have reduced ADFI and ADG compared to pigs in thermal neutral environmental conditions (McGlone et al., 1987) . However, the effects of chronic gestational heat stress (GHS) and subsequent postnatal heat stress on porcine carcass composition are unknown. Therefore, the objective of this study was to investigate the effects of prolonged GHS or postnatal heat stress on performance and carcass composition of market weight pigs.
MATERIALS AND METHODS
All animal procedures were approved by the Institutional Animal Care and Use Committees of the University of Missouri (protocol 6815) and Iowa State University (4-10-6923-S).
Gestational Heat Stress
Twenty pregnant primiparous crossbred (Large White × Landrace) gilts (148 ± 19 kg at start of gestation) at the University of Missouri were housed in 1 of 4 thermal environments throughout gestation at the University of Missouri Brody Environment Chambers. Ambient diurnal cycles were defined as thermal neutral (18°C to 22°C, 62% to 66% relative humidity) or heat stress (28°C to 34°C, 65% to 88% relative humidity; Lucy et al., 2012; Boddicker et al., 2014) . Each room's ambient temperature was controlled, but humidity was not governed. Temperature and humidity were monitored using HOBO data loggers (Onset Computer Corp., Bourne, MA). Maximum temperatures were achieved for approximately 4 h each day starting at noon, and minimum temperatures lasted overnight from approximately 2200 to 0600 h. Four gestational treatments (TNTN, n = 6; TNHS, n = 6; HSTN, n = 4; HSHS, n = 4) were utilized, with TNTN and HSHS exposed to thermal neutral or heat stress conditions, respectively, during the majority of gestation and HSTN and TNHS treatments heat stressed for the first or second half of gestation, respectively. Thermal treatments began on d 6 of pregnancy, and the midpregnancy switch for TNHS and HSTN groups occurred on d 55 of pregnancy. All dams were placed in thermal neutral conditions 10 d before estimated time of parturition. To avoid excessive maternal weight gain during gestation, all pregnant gilts were limit fed 2.2 kg of a corn-and soy-based diet per day, which met gestational nutrient requirements (NRC, 2012) . Therefore, nutrient intake did not differ between gestational treatments. Each dam's thermal response measurements were monitored as previously described (Lucy et al., 2012) . Piglets were born naturally under thermal neutral conditions and remained with their original dams throughout the thermal neutral lactation period.
Heat Stress During Finishing
Pigs were weaned at 23 ± 3 d of age and transported to Iowa State University, where they were fed standard nursery phase diets for 5 wk. Thereafter, all pigs were fed a standard commercial diet formulated to meet or exceed nutritional requirements (NRC, 2012; Johnson et al., 2015) . Approximately equal numbers of barrows from each gestation treatment (TNTN, n = 11; TNHS, n = 13; HSTN, n = 11; HSHS, n = 13) were selected for postnatal analyses on the basis of the median BW representing each litter of each treatment. Pigs were moved to individual pens in thermal neutral conditions with ad libitum access to water and feed at 11 wk of age. Starting at 14 wk of age, barrows were exposed to either constant thermal neutral (TN; 21°C, 35% to 50% relative humidity) or constant heat stress (HS; 32°C, 35 to 50% relative humidity) conditions for the duration of the study, as described by Boddicker et al. (2014) . Each room's temperature and humidity were monitored by a data recorder (model EL-USB-2-LCD, Lascar, Erie, PA). Each room's ambient temperature was controlled, but humidity was not governed.
Body weights and feed intake data were recorded weekly from 11 wk of age until slaughter. Body temperature parameters (rectal temperature, skin temperature, respiration rate) were monitored twice weekly until slaughter. Rectal temperatures were monitored with a ReliOn digital thermometer (ReliOn, Waukegan, IL), whereas skin temperature was obtained at the shoulder with a laser infrared thermometer (Extech Instruments Corp., Waltham, MA). Respiration rates (breaths/min) were calculated by visually observing the number of breaths taken in 1 min. Loin eye area and back fat (BF) thickness were measured at the 10th rib via an Aloka 500V SSD ultrasound machine fitted with a 3.5-MHz, 12.5-cm, linear array transducer (Corometrics Medical Systems Inc., Wallingford, CT) before and after 5 wk of HS or TN treatment.
Blood was collected via jugular venipuncture after 5 wk of HS or TN treatment. Blood was collected into lithium heparin tubes and assayed immediately using an iStat Portable Clinical Analyzer (Abbott Laboratories, San Diego, CA). The iStat cartridge (CG8+) measured blood pH, hematocrit, carbon dioxide pressure, and concentrations of sodium, potassium, ionized calcium, glucose, hemoglobin, and carbon dioxide.
Carcass Measurements
Barrows (n = 5 to 7 per gestation-finishing treatment combination; total of 48 pigs) were kept in HS or TN conditions until slaughter at 21 to 24 wk of age (7 to 10 wk of HS or TN treatment). Pigs were divided into 4 equal slaughter groups on the basis of BW and were slaughtered at the Loeffel Meat Laboratory at the University of Nebraska-Lincoln. Using a common end point BW to determine slaughter group resulted in unequal distribution of treatments in slaughter groups (Table 1) . Carcasses were chilled under normal commercial conditions. Carcasses were weighed before and after chilling to determine moisture loss. One side of each postrigor carcass was transported to the Iowa State University Meat Laboratory for fabrication after approximately 20 h.
Head, heart, liver, kidney, spleen, and perirenal fat weights were collected during slaughter. Loin eye area and BF thickness were measured at the 10th rib of the side before fabrication. Sides were then separated into lean, separable fat, bone, and skin components, and each was weighed. Proximate analyses were performed on a sample of the LM removed at the 10th rib to determine moisture and lipid content (AOAC, 1990) . Crude protein (nitrogen × 6.25) in the LM was determined using an Automated LECO Nitrogen Analyzer (LECOTruSpec N, LECO Corp., St. Joseph, MI).
Statistical Analysis
Data were analyzed using the MIXED procedure of SAS (version 9.3, SAS Inst. Inc., Cary, NC). Data were analyzed using a split-plot design with GHS treatment as the whole plot and finishing treatment as the split plot. Dam nested within gestational treatment was a random effect. Interactions were analyzed for all dependent variables except feed intake (because of a week of missing data). Planned orthogonal contrast statements were used to evaluate the overall effect of GHS in the first half ([TNTN, TNHS] Temperature, weight, and feed intake data were analyzed using repeated measures with an autoregressive covariance structure and time as the repeated effect. Hot carcass weight was used as a covariate in analysis of carcass traits. Additionally, slaughter group was included in the model when significant for analysis of carcass data.
RESULTS AND DISCUSSION
The negative and cumulative effects of HS on livestock ultimately reduce the efficient use of natural resources to produce high-quality food for human consumption . Much of the lost productivity can be attributed to decreased feed intake; however, some of the response to HS is independent of reduced nutrient consumption. Exposure to HS during gestation has been demonstrated to impact the offspring's ability to respond to HS postnatally (Johnson et al., 2013) and perhaps affect growth performance (Boddicker et al., 2014) . This experiment provides a unique opportunity to directly evaluate how pre-and postnatal HS influence carcass composition, specifically carcass, lean, bone, and adipose content.
Heat Stress Response in the Live Animal
Gestational thermal treatment did not affect litter size (live births, 12.6 ± 2.8 piglets), birth weight (1.2 ± 0.3 kg), weaning weight (6.2 ± 1.0 kg), or male:female ratio (1.5:1; P > 0.1, data not shown).
Application of GHS resulted in greater average daily feed intake (P < 0.05) in GHS pigs compared with TNTN pigs (Table 2) . However, ADG and G:F were not significantly different between the gestational treatment groups. Interestingly, in a similar study by Johnson et al. (2015) , pigs undergoing HS in utero had reduced G:F in the early finishing period. Gestationally heat-stressed barrows in the current study tended to have an increase in respiration rate compared with those in the TNTN group (P = 0.06, approximately 3 breaths/min increase). These respiration rate differences seem to stem primarily from pigs undergoing GHS in the second half of gestation (P = 0.09). Rectal temperatures and skin temperatures did not differ in response to GHS. TNTN TNHS  HSTN  HSHS  TN  HS   21 wk  3  3  3  3  12  0   22 wk  3  3  3  3  9  3   23 wk  1  3  2  6  3  9 24 wk 4 4 3 1 0 12
1 Gestational heat stress occurred during the first or last half of gestation (TNTN, TNHS, HSTN, HSHS). Finishing heat stress started at 14 wk of age and lasted until slaughter at 21 to 24 wk of age (TN, HS). Pigs were assigned to treatments at 14 wk of age and slaughtered over the course of 4 time points on the basis of BW. TNTN = no gestational heat stress, TNHS = heat stressed in second half of gestation, HSTN = heat stressed in first half of gestation, HSHS = heat stressed in the entirety of gestation, TN = thermal neutral from 14 wk, HS = heat stressed from 14 wk.
Rectal temperatures of barrows were increased by an average of 0.4°C in response to postnatal HS (P < 0.0001; Table 2 ). Skin temperatures during the course of the study were 6°C greater in HS pigs (P < 0.0001; Table 2 ). Respiration rates were increased by 15 breaths/ min in response to HS (P < 0.0001; Table 2 ). Finally, HS resulted in less feed intake and a slower rate of growth (P < 0.0001) but no significant difference in G:F (P = 0.12; Table 2 , Fig. 1 ). There were no interactions in the HS response between GHS and HS during finishing in the current study, which is in contrast to the results of Johnson et al. (2013) , who observed an interaction in which pigs that were cyclically heat stressed (27°C nighttime, 37°C daytime) during gestation maintained higher rectal temperatures during 15 d of constant HS at 15 wk of age compared with gestational thermal neutral (15°C nighttime, 22°C daytime) counterparts undergoing the same constant HS. The difference between these 2 studies may be caused by differences in the GHS treatments. Johnson et al. (2013) used a maximum heat of 37°C, whereas the current study went up to only 34°C during the day. Identifying body temperature differences was not a primary objective in the current study, and detecting small changes in body temperature (a cyclical parameter) requires multiple measurements per day.
Serum profile data are shown in Table 3 . Basal excess, bicarbonate, and total carbon dioxide were all decreased (P < 0.01) in response to long-term HS for 35 d. These results are typical during HS, as respiration rate is increased and more carbon dioxide is expelled (Bottje and Harrison, 1985; Teeter et al., 1985; Srikandakumar and Johnson, 2004) . Additionally, serum ionized calcium was decreased (P < 0.01) in HS pigs. This effect has been observed in cattle (Srikandakumar and Johnson, 2004) and poultry (Odom et al., 1986) . One explanation for this decreased free calcium could be that calcium in HS animals may bind to organic acids that are produced as an effect of panting and respiratory alkalosis (Odom et al., 1986; Kutlu and Forbes, 1993) .
At 19 wk of age, barrows that went through GHS during the first half of gestation tended to have greater loin eye area (P = 0.08; Table 4 ). It is interesting, however, that no differences in BF due to GHS were detected via ultrasound, given that increased adiposity is a previously documented effect of HS and nutrient restriction during early gestation in pigs and humans, respectively (Roseboom et al., 2006; Boddicker et al., 2014) . Heat stress during the first 5 wk of finishing resulted in smaller loin eye area and less BF depth, as measured by ultrasound (P < 0.0001; Table 4 ). These results are consistent with decreased ADG and BW observed in HS barrows.
Effects of Gestational Heat Stress on Carcass Composition
The GHS treatments did not significantly affect BW, internal organ weights, BF thickness, or carcass loin eye area (P > 0.10) but did impact HCW, dressing percent, and percent head, bone, and skin (P < 0.05; Tables 5 and 6 ). Gestational heat stress during the first half of gestation tended to result in increased HCW of offspring (P = 0.07). Head weight as a percentage of BW was reduced by GHS during the first half of gestation (P = 0.04). The HSHS barrows had the smallest 1 Gestational heat stress (GHS) occurred during the first or last half of gestation (TNTN, TNHS, HSTN, HSHS). Finishing heat stress started at 14 wk of age and lasted until slaughter at 21 to 24 wk of age (TN, HS). Data are presented as means of the entire time period where TN or HS treatments were applied during finishing. TNTN = no gestational heat stress, TNHS = heat stressed in second half of gestation, HSTN = heat stressed in first half of gestation, HSHS = heat stressed in the entirety of gestation, TN = thermal neutral from 14 to 19 wk, HS = heat stressed from 14 to 19 wk.
2 Average SEM across treatments. heads based on percentage of BW, followed by HSTN barrows and TNHS or TNTN barrows. The HSHS barrows had 7% smaller heads on a weight basis compared with TNTN barrows (P < 0.01; data not shown). Previous research has indicated that brain and head size may be decreased with HS during early gestation in rats (Cockroft and New, 1978; Arora et al., 1979) . Other brain or cranial defects, such as exencephaly, encephalocele, microphthalmia, and edema, are also commonly reported in several species after acute GHS Webster et al., 1985) . It is apparent that stage of gestation during HS is critical. Cranial abnormalities typically occur only if HS is applied at certain critical stages of development. For example, neural tube defects can be caused by HS at the time of neural tube closure, and microcephaly may occur if heat is applied during neuronal proliferation. The GHS applied in this study was relatively mild (0.5°C increase in core temperature; data not shown) compared with that in previous GHS studies that have documented cranial abnormalities (typically, 2.0°C increase or greater; Graham et al., 1998) . However, the prolonged duration of HS in this study compared with others (several weeks vs. several hours or less) may have ultimately caused the smaller head sizes. Barrows that were heat stressed during the second half of gestation (HSHS and TNHS) had decreased percent carcass bone compared with TNTN counterparts (P = 0.02; Table 6 ). There is some evidence that GHS can result in skeletal defects, including limb reduction and deformities, as well as axial skeletal abnormalities, such as fused, missing, or shortened ribs and vertebrae Kimmel et al., 1993) . Limb hypoplasia in GHS is hypothesized to be a result of vascular disruption of the placenta, thereby decreasing blood flow to the growing fetus (Webster et 1 Gestational heat stress (GHS) occurred during the first or last half of gestation (TNTN, TNHS, HSTN, HSHS). Finishing heat stress (TN, HS) started at 14 wk of age, and measurements were taken at wk 5 of TN or HS treatment (19 wk of age). TNTN = no gestational heat stress, TNHS = heat stressed in second half of gestation, HSTN = heat stressed in first half of gestation, HSHS = heat stressed in the entirety of gestation, TN = thermal neutral from 14 to 19 wk, HS = heat stressed from 14 to 19 wk.
2 PCV = packed cell volume, pCO 2 = partial pressure of CO 2 , pO 2 = partial pressure of O 2 , BE of ecf = basal excess of extracellular fluid, iCa = ionized calcium.
3 Average SEM across treatments. al., 1987). Although no skeletal deformities were observed in pigs from this study, it is possible that the reduced carcass bone percentage was the result of limb or skeletal reduction caused by GHS. In rat pups produced from dams heat stressed during gestation, Cuff et al. (1993) documented forelimbs and hindlimbs that were normal in appearance but developmentally delayed. Unlike cranial defects, limb reduction defects do not seem to be limited to HS exposure during early gestation (Graham et al., 1998) . Indeed, TNHS carcasses in the current study had the least bone, both by weight and as a percentage of side weight, even with HCW included as a covariate in the model. Skin total weight and percentage of BW tended to be decreased (P < 0.10; Table 6) in barrows heat stressed during the first half of gestation (HSHS and HSTN) compared with TNTN counterparts. Given the greater core temperatures of gestationally heat stressed pigs undergoing postnatal HS seen by Johnson et al. (2013) , it could be hypothesized that thinner skin is a mechanism by which animals produced from dams heat stressed during gestation can prevent overheating that might otherwise occur postnatally. A lower proportion of skin could therefore explain why no interaction between gestational and direct HS was observed in rectal temperatures in the current study. In contrast, the overall effect of GHS in the Table 4 . Loin eye area and BF depth at the 10th rib, as determined through ultrasound in barrows subjected to thermal neutral or heat stress conditions in utero or during finishing 1 Gestational heat stress (GHS) occurred during the first or last half of gestation (TNTN, TNHS, HSTN, HSHS). Finishing heat stress (TN, HS) started at 14 wk of age, and measurements were taken at wk 0 and 5 of TN or HS treatment. TNTN = no gestational heat stress, TNHS = heat stressed in second half of gestation, HSTN = heat stressed in first half of gestation, HSHS = heat stressed in the entirety of gestation, TN = thermal neutral from 14 to 19 wk, HS = heat stressed from 14 to 19 wk.
2 Average SEM across treatments. 1 Gestational heat stress (GHS) occurred during the first or last half of gestation (TNTN, TNHS, HSTN, HSHS). Finishing heat stress started at 14 wk of age and lasted until slaughter at 21 to 24 wk of age (TN, HS). TNTN = no gestational heat stress, TNHS = heat stressed in second half of gestation, HSTN = heat stressed in first half of gestation, HSHS = heat stressed in the entirety of gestation, TN = thermal neutral from 14 wk, HS = heat stressed from 14 wk.
2 Average SEM across treatments.
second half of gestation showed a tendency for increased skin percentage (P = 0.07) and skin weight (P = 0.09). An increase in skin could potentially explain the tendency for an increase in respiration rate seen in barrows heat stressed in the second half of gestation, especially if thicker skin reduced their ability to thermoregulate.
Effects of Direct Heat Stress on Carcass Composition
Barrows subjected to HS during finishing had an average of 5.8 kg lighter (P < 0.0001) BW at slaughter than TN barrows, despite attempts to select slaughter groups on the basis of BW (Table 5 ). This resulted in similarly decreased (P < 0.0001) HCW for HS barrows. Carcass dressing percent tended to be increased (P = 0.10) by postnatal HS. Moisture lost during chilling was similar (P = 0.31) between HS and TN carcasses.
Both percentages and actual weights of heart and kidney were significantly less in HS barrows (P < 0.01; Table 5 ; weight data not shown). No significant differences existed for percent liver and gallbladder (P = 0.41) or spleen (P = 0.68). The internal organs of mammals are more affected by HS than extremities because of higher temperatures achieved during HS. Studies have shown that the heart becomes more efficient with heat acclimation, with a lower heart rate and greater stroke volume (Horowitz, 2002) . Heat acclimation also results in a shift from the fast myosin heavy chain isoform (α-MHC) to the slow myosin isoform in cardiac muscle (β-MHC; Horowitz et al., 1986) . This shift in myosin isoforms can also be brought about by 1 Gestational heat stress (GHS) occurred during the first or last half of gestation (TNTN, TNHS, HSTN, HSHS). Finishing heat stress started at 14 wk of age and lasted until slaughter at 21 to 24 wk of age (TN, HS). TNTN = no gestational heat stress, TNHS = heat stressed in second half of gestation, HSTN = heat stressed in first half of gestation, HSHS = heat stressed in the entirety of gestation, TN = thermal neutral from 14 wk, HS = heat stressed from 14 wk.
2 Average SEM across treatments. reduced insulin signaling, which is accompanied by reduced cardiac size, as shown in mice (Belke et al., 2002) . A similar reduction in size is seen in the kidneys of mice with insulin receptor substrate 2 deletion (Carew et al., 2010) and in dogs or rats whose blood insulin is directed to bypass the liver via portacaval shunt (Flynn and Kennan, 1968; Starzl et al., 1973) . Interestingly, insulin levels in pigs are reduced as a result of HS (Pearce et al., 2013) , which may partially contribute to the decreased heart and kidney size as a percent of BW in HS pigs observed in the present study. When carcasses were normalized on HCW, HS carcasses had greater percent lean tissue (P < 0.0001), which translated to over 2 kg more lean per side (P < 0.0001) compared with TN carcasses (Table 6 ). However, there were no significant differences (P = 0.38) in loin eye area in barrow carcasses due to finishing treatment (Table 6 ). Apparent inconsistency between ultrasound (Table 4 ) and carcass loin eye area could be explained by different age and weight at the times of measurement. In addition to greater lean, HS carcasses overall had less fat than TN carcasses. Percent separable fat and total separable fat (kg) were significantly decreased (P < 0.01) in carcasses from HS pigs compared with those from TN pigs. Additionally, carcasses from HS barrows tended to have less BF thickness (P < 0.06) than those of their TN counterparts (Table 6 ). However, perirenal fat (% BW) and longissimus intramuscular fat (% lipid) were unchanged in HS pigs compared with TN pigs (P > 0.3; Tables 5 and 7, respectively).
The fact that subcutaneous fat levels were decreased with HS is unsurprising given that feed intake was decreased by approximately 20%. Collin et al. (2001) also observed that fat deposition was more affected than protein deposition in young growing pigs by HS at 33°C, whereas Renaudeau et al. (2013) observed similar decreases in energy retained as fat or protein in 32°C heat-stressed growing pigs. The fat deposition reduction seen in this study and others may not be completely explained by reduced feed intake. When growing pigs are kept at TN conditions and pair fed at the same level as heat stressed pigs, even less fat is retained as energy or deposited as BF in the pair-fed animals in TN conditions (Collin et al., 2001; Kouba et al., 2001) . Differences in heat-stressed vs. pair-fed pigs in TN conditions in these studies are likely due to differences in lipid metabolism, as well as energy expenditure Pearce et al., 2013; Rhoads et al., 2013) . Previous reports indicate that rodents, chickens, and pigs reared in HS conditions typically deposit more lipid than energetically predicted (see review by Baumgard and Rhoads, 2013) . However, care should be taken when comparing body composition data from heat-stressed animals to data from ad libitum fed TN controls, as there are clear bioenergetics differences (maintenance costs, nutrient requirements, endocrine milieu, etc.) between the 2 environments.
A greater percent moisture (P = 0.003; Table 7 ) in the longissimus from HS barrows (and likely the carcass as a whole) could be due to a combination of increased water consumption and decreased protein accretion commonly observed in heat-stressed animals (Deyhim and Teeter, 1995; Patience et al., 2005; Renaudeau et al., 2013) .
These results suggest that although prolonged GHS at temperatures up to 34°C may affect head size, bone, and skin of market weight pigs, it does not have a large impact on important carcass composition traits. A possible exception is a tendency for increased HCW if GHS is applied in the first half of gestation. However, increased ADFI without a concurrent increase in ADG in GHS pigs may ultimately reduce the value of these animals to the industry.
In contrast, chronic HS during the finishing phase has consistent negative effects on performance and composition. Chronic HS resulted in slower growth and reduced subcutaneous fat deposition. This translates to a smaller, leaner carcass. Similar levels of percent lean can be achieved in chronically heat-stressed pigs and pigs in TN conditions, with the caveat that an extra 1 to 3 wk of finishing may be necessary with HS. Heat stress treatment did not simply reduce all adipose depots, as perirenal fat and intramuscular lipid content were not affected by HS. This suggests that a thorough investigation is needed to elucidate the potential mechanisms behind altered fat deposition during HS. Organs as a percent of BW are also reduced in response to HS, which could impact edible by-product markets. Strategies to prevent chronic HS in hot climates may be valuable to mitigate costs of poor performance and prolonged finishing. Additionally, further research is necessary to determine the effects of chronic HS on pork quality.
